Styrene-co-glycidyl methacrylate-fumed silica-clay (ST-co-GMA-fsi-clay) nanocomposites have been prepared via free radical polymerization in the presence of benzoyl peroxide. The nanocomposites are characterized by Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), adsorption isotherm, tensile test, thermogravimetric analysis (TGA) and moisture absorption. FT-IR shows the Si-O-C peak that represented ST-co-GMA-fsi bonding while Si-O-Si peak shows the bonding of fsi-clay. The surface morphology shows the well dispersion of clay (1.30E) into ST-co-GMA-fsi nanocomposite. 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposite has higher specific surface area and average pore volume with less pore size. Incorporation of 2wt% of clay (1.30E) improves the tensile strength and modulus of the nanocomposites as well as higher thermal stability and activation energy. 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposite shows the lowest moisture absorption value.
INTRODUCTION
Polymer matrix has been widely used as matrix for composites production. Most of the polymer matrices have great properties that include excellent toughness and adhesion. Some of these resins undergo ring opening when reacted with substances possess methylene groups [1] .
Styrene (ST) is a monomer that helps to enhance the rigidity of the copolymer [2] . Styrene is prepared through the dispersion polymerization, suspension polymerization, bulk polymerization, atom transfer radical polymerization (ATRP) and radical emulsion polymerization [3] . Styrene-based composites can be applied in the automotive fields [4] .
Glycidyl methacrylate (GMA) is another monomer that has flexible applications. They are commercially available vinyl monomer carrying epoxy group. GMA is useful for polymer matrix modification that can be utilized as matrix for drug delivery [5] . Benzoyl peroxide is used as initiator for styrene-based copolymer or GMA-based copolymer [6] .
ST-co-GMA does not possess adequate thermal and mechanical properties due to low melting temperature. Therefore, nanofiller such as fumed silica and nanoclay was incorporated to overcome this problem. Inorganic fumed silica acted as nanofiller is usually incorporated into polymer matrix to enhance the interfacial area as well as the mechanical properties of the nanocomposites. It is widely used due to their high surface area [7] .
Clay is nanofiller that can be introduced into polymer nanocomposites. It is layered structure that consists of an octahedral alumina sheet stacked between two tetrahedral silica sheets by a weak dipolar force leads to interlayer galleries [8] . Clay is widely used due to its low cost, high availability and environmental friendly. The most common used clay is montmorillonite. It can be applied in many applications such as construction, polymer and medicine industries [9] .
It was confirmed that the compatibility of fumed silica improved ST-co-GMA by reducing the agglomerate formed. The incorporation of fumed silica in ST-co-GMA had improved the mechanical properties due to the covalent bonds between the epoxy groups of ST-co-GMA and silanol groups from silica increased the filler-matrix interaction [10] . Fumed silica was incorporated into styrene matrix that had enhanced the tensile strength and heat resistance [11] . Polystyrene-fumed silica undergo free radical polymerization that had enhanced the tensile strength due to the high dispersion and excellent compatibility between the polymer matrix and filler [12] . The incorporation of fumed silica onto poly(GMA) matrix had enhanced thermal stability of the nanocomposites. The FT-IR spectroscopy showed that poly(GMA) was well intercalated with fumed silica nanoparticle by free radical polymerization [13] .
Silica was well dispersed in the styrene matrix that enhanced the compatibility within the composites [14] . Lower percentage of clay improved the thermal stability of ST-co-GMA compared to higher percentage of clay. The intercalation of clay into polystyrene matrix improved the tensile strength through melt intercalation. Poly(GMA)-clay nanocomposites undergo free radical in situ polymerization that had enhanced thermal and mechanical performances compared to epoxybentonite nanocomposites [15] .
The introduction of dual fillers such as fuemd silica with the fibers into styrene-butadiene copolymers improved the mechanical properties of the composites [16] . Besides, wood styrene acrylonitrile was impregnated with fumed silica and nanoclay as the nanofillers improved the hardness of the nanocomposites [17] .
Single filler onto styrene or glycidyl methacrylatebased nanocomposites had improved the mechanical and thermal properties significantly. However, the surface morphology and physical properties did not significantly improved by single filler loaded nanocomposites. To overcome the above mentioned drawback, the present study investigated dual filler loadings on ST-co-GMA and their compatibility. Dual fillers were used as clay can improved the interfacial adhesion which led to better morphological properties while fumed silica could improved the thermal properties [8, 11] . Therefore, dual fillers managed to improve all the properties simultaneously onto the polymer matrix. The physical, morphological, mechanical and thermal properties of ST-GMA-fsi-clay (1.30E) were also reported in this study. The novely of this nanocomposite is expected to be applied as construction materials in building industry. This is because the weak interfacial bonding between polymer matrix allows the fillers (fumed silica and clays) particles to be introduced and created better interfacial bonding that improved the mechanical and thermal properties and it can be well applied for inner and exterior purposes [18] .
METHODOLOGY

Materials
Styrene, glycidyl methacrylate and benzoyl peroxide were supplied by Merck, Germany. Benzoyl peroxide acted as an initiator to influence the reaction between styrene and glycidyl-methacrylate. Fumed silica powder with particle size less than 8 microns in white colour was used as filler in the preparation of nanocomposites. Nanomer 1.30E was montmorillonite clay modified with 25-30wt% octadecylamine used as nanofiller. The bulk density of nanoclay was 200 to 500 kg/m3 and the average particle size was around 20 microns. The clay and silicon dioxide powders were supplied by Sigma-Aldrich, USA.
Free Radical Polymerization of ST-co-GMA-fsiclay Nanocomposites
The polymer nanocomposite was prepared using styrene, glycidyl methacrylate, fumed silica and clay (1.30E) in four weight percentages in the presence of benzoyl peroxide. The composition of nanocomposites was prepared as shown in Table 1. 50mL of styrene, 50mL of glycidyl methacrylate, 0.2g of fumed silica powder and different clay loadings (1.0g, 2.0g, 3.0g and 4.0g) were placed in a 500mL beaker in the presence of benzoyl peroxide. The mixture was heated for 10 minutes in an heater at 80℃. The mixture was then cast on a glass surface and kept in a desiccator for controlled evaporation of the solvent for a day. The optically clear nanocomposite films with thickness ranging from 500 to 700 μm were obtained and were kept in desiccator for further characterizations and analysis. The samples were named as ST-co-GMA (SG), ST-co-GMA-fsi (SGFSN), 1wt% ST-co-GMA-fsi nanocomposites (SGFSCN1), 2wt% ST-co-GMA-fsi nanocomposites (SGFSCN2), 3wt% ST-co-GMA-fsi nanocomposites (SGFSCN3) and 4wt% ST-co-GMA-fsi nanocomposites (SGFSCN4). 
Fourier Transform Infrared Spectroscopy (FT-IR)
The infrared spectra of the nanocomposites were recorded on a Shimadzu IRAffinity-1. The transmittance range of the scan was 4000 to 700cm -1 [19] .
Scanning Electron Microscopy (SEM)
The interfacial bonding between the styrene, glycidyl methacrylate, fumed silica and clay (1.30E) was examined using a scanning electron microscope (SEM) (JSM-6710F) from JEOL Company Limited, Japan. The specimens were first fixed with Karnovsky's fixative and then take through a graded alcohol dehydration series. Once dehydrated, the specimen was coated with a thin layer of gold before being viewed microscopically. The micrographs were taken at magnifications ranging from 500x to 1000x [19] .
Adsorption Isotherm
The nitrogen adsorption isotherms of ST-co-GMA, STco-GMA-fsi and ST-co-GMA-fsi-clay (1.30E) nanocomposites at 77K were obtained by using a Quantachrome, Asic-7 physicosorption analyzer. In this analysis, the nanocomposites were degassed at 250℃ in vacuum for an hour before the nitrogen adsorption isotherm was constructed. The surface area and pore volume of nanocomposites were evaluated by the Brunauer-Emmett-Teller (BET) model [19] .
Tensile Test
Thin films were cut with a rectangular die and tested with AG-Xplus Series Precision Universal Testers (300kN Floor Model) supplied by Shimadzu Corporation at room temperature. The gauge length, width and thickness of the samples were 25, 4 and 0.15mm respectively. The cross head speed used was 1mm/min. The quoted results were averaged over ten specimens [19] .
Thermogravimetric Analysis (TGA)
Thermogravimetric analysis (TGA) measurements were carried out on 5-10mg of ST-co-GMA, ST-co-GMA-fsi and ST-co-GMA-fsi-clay (1.30E) nanocomposites at a heating rate of 10℃/min in a nitrogen atmosphere using a Thermogravimetric Analyzer (TA Instrument SDT Q600). ST-co-GMA, ST-co-GMA-fsi and ST-co-GMA-fsi-clay (1.30E) nanocomposites were subjected to TGA in high purity nitrogen under a constant flow rate of 5mL/min. Thermal decomposition of each sample occurred in a programmed temperature range of 20℃ to 700℃. The continuous weight loss and temperature were recorded and analyzed [19] .
Moisture Absorption
The moisture absorption was carried out at 110℃ for 3h by using electronic moisture balance (MOC-120H) supplied by Shimadzu Corporation, Kyoto, Japan. Dry nanocomposites (dried at 25℃) were immersed in distilled water, continued by removing and weighing process. The nanocomposites were placed in flat position into the tester during the measurement. The heater lid was then been closed firmly and the display switched from a display of the weight to a percentage display and the measuring time was displayed too. The moisture absorbed, Wab was calculated by using Eq. (1) [19] .
Moisture absorbed percentage, Wab (%) = [(weight of wet nanocomposites (Ww)-(weight of dry nanocomposites (Wd))/(weight of wet nanocomposites (Ww)x100
Eq. (1) 
RESULTS AND DISCUSSION
Fourier transform infrared spectroscopy (FT-IR)
The FT-IR spectra of the ST-co-GMA, ST-co-GMA-fsi and ST-co-GMA-fsi-clay (1.30E) nanocomposites were shown in Figure 1 . The spectra confirmed the presence of the functional groups in ST-co-GMA-fsiclay (1.30E) nanocomposites with the chemical reaction as shown in Figure 2 .
The absorption peak at 3350cm -1 represented the O-H stretching vibration within the GMA monomer as shown in Figure 1(a-b) . The C-H stretching vibration was detected at 2970cm -1 in all the samples [20] . However, the intensity of the peak at 2wt% of clay loaded ST-co-GMA-fsi-clay (1.30E) nanocomposite was broader because of the optimum loading. The peak intensity decreased was attributed to the pore filling effects of clay at the maximum loading of 2wt% which could reduce the scattering contrast between the pores and improved the interfacial bonding within the nanocomposite formed. [21] . The existence of ST-co-GMA could be proven with the appearance of absorption peak at 1725cm -1 which corresponded to the carbonyl group vibration in all the samples [1] . It was detected that the peak at 1664cm -1 attributed to the deformation vibration in the H-O-H groups [22] . This peak was significant when 1wt% and 2wt% of clay (1.30E) was introduced into the ST-co-GMA-fsi nanocomposites as shown in Figure  1(c-d) . The C=C double bond from styrene with GMA was indicated by the absorption peak at 1600cm -1 [1] .
In addition, the absorption peak at 1465cm -1 was attributed to the vibration of CH2 groups. This peak occurred when the carbon atom from GMA was attached to the carbon atom from styrene as well as forming aliphatic carbons in the main chain and side chain of the copolymer [23] . Broader peak was observed at 1wt% and 2wt% of ST-co-GMA-clay (1.30E) nanocomposites which indicated stronger bonding between styrene and glycidyl methacrylate compared to other nanocomposites as shown in Figure 1(c-d) [21] . The C-O stretching vibration was observed due to the carbonyl group in the nanocomposites which showed the peak at 1150cm -1 [25] . The absorption peak at 1105cm -1 represented the Si-O-C asymmetric stretching mode in ring opening for styrene and glycidyl methacrylate. The intensity of this peak decreased when fumed silica and clay was added into the ST-co-GMA. This was due to the CH3 groups attached to the Si-O-Si ring that filled the voids within ST-co-GMA [24] . The absorption peak at 1040cm -1 was assigned to Si-O-Si bonding in the nanocomposites that confirmed the bonding between the silica and clay (1.30E) [26] . IR spectra at 950cm -1 represented the small number of unreacted Si-CH3 bonds existed within the nanocomposites [26] . 2wt% of clay (1.30E) showed less transmittance among all the nanocomposites that confirmed strong bonding with styrene, fumed silica and clay (1.30E) [27] . Therefore, it could be concluded that 2wt% of clay (1.30E) was more suitable to be incorporated into ST-co-GMA-fsi nanocomposites among all the nanocomposites. 
Scanning Electron Microscopy (SEM)
Scanning electron microscopy (SEM) is used to explain the morphology of the ST-co-GMA, ST-co-GMA-fsi and different weight loadings of clay loaded ST-co-GMA-fsi-clay (1.30E) nanocomposites. The fracture surface of St-co-GMA was shown in Figure 3(a) . This indicated the well interaction between styrene and glycidyl methacrylate [28] . STco-GMA-fsi nanocomposite showed moderately even surface that proved the nanocomposite was typically brittle as shown in Figure 3(b) [29] . This proved that silica improved the compatibility with STco-GMA by forming strong covalent bond. The nanocomposites showed uniform surface morphology due to the 1wt% and 2wt% of clay loading as shown in Figure 3(c-d) . This occurred as the clay aggregates into small particles after polymerization and dispersed homogeneously into the ST-co-GMA-fsi [29] . Higher clay loading (3wt% and 4wt%) into ST-co-GMA-fsi would cause agglomeration as shown in Figure 3(e-f) . This was due to clay loading over 2wt% prevented the intercalation mechanism and the properties of the material led to large agglomerate [30] .
From the above observations, it could be concluded that there was a good compatibility as well as the well dispersion of 2wt% of clay (1.30E) into ST-co-GMA-fsi. The uniform surface of 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposites proved the well interfacial bonding between clay and ST-co-GMA-fsi, as reflected in the mechanical and thermal properties. ST-co-GMA-fsi-clay (1.30E) nanocomposite, 1wt% (d) ST-co-GMA-fsi-clay (1.30E) nanocomposite, 2wt% (e) ST-co-GMA-fsi-clay (1.30E) nanocomposite, 3wt% (f) ST-co-GMA-fsi-clay (1.30E) nanocomposite, 4wt%
Adsorption Isotherm
The N2 adsorption isotherms for ST-co-GMA, ST-co-GMA-fsi, ST-co-GMA-fsi-clay (1.30E) nanocomposites were shown in Figure 4 . Specific surface area (SBET) was calculated by the Brunauer-Emmett-Teller (BET) equation [31] . 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposite showed a rather straight section, which extended up to P/Po=0.55 whereas 1wt%, 3wt% and 4wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposites showed extension up to P/Po=0.43 as shown in Figure 4 . ST-co-GMA and ST-co-GMA-fsi nanocomposite showed lowest extension, which was up to P/Po=0.26. This proved that 2wt% of ST-co-GMAfsi-clay (1.30E) nanocomposite had strong interfacial bonding that reduced the amount adsorbed on the nanocomposite.
The incorporation of silica into ST-co-GMA showed higher surface area and average pore volume compared to ST-co-GMA in Table 2 . This showed that silica improved the interfacial bonding between styrene and glycidyl methacrylate. 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposite had higher surface area and average pore volume with less pore size among all the nanocomposites. This was due to the uniform dispersion of clay particles in the nanocomposite which created strong interfacial interaction between the clay and ST-co-GMA-fsi up to 2wt% [32] . Higher clay loadings would reduce the strong interfacial interaction and thus the surface area and average pore volume decreased. The adsorption isotherms indicated that the pores were mesoporous.
According to original IUPAC classification, the isotherm patterns of ST-co-GMA, STco-GMA-fsi, ST-co-GMA-fsi-clay (1.30E) nanocomposites were type IV isotherms [33] .
Therefore, it proved that 2wt% of ST-co-GMA-fsiclay (1.30E) nanocomposite had the highest surface area and average pore volume with less pore size, which was reflected in the surface morphology. 
Tensile Properties
Tensile strength of ST-co-GMA, ST-co-GMA-fsi, ST-co-GMA-fsi-clay (1.30E) nanocomposites were presented in Figure 5 . The tensile strength of the nanocomposites were increasing with the clay loading and reached a maximum at 2wt% of clay [34] . 1wt% and 2wt% clay loading particles filled the spaces between the ST-co-GMA-fsi chains, thus gave a rigid structure with better tensile strength value of 0.0524GPa and 0.0561GPa [35] . However, addition of clay decreased the strength as the agglomeration took place at higher clay content. The higher clay loadings such as 3wt% and 4wt% occurred aggregates in ST-co-GMA-fsi chains which weakened the bonds in the nanocomposites and thus the tensile strength decreased [36] .
The tensile modulus of ST-co-GMA, ST-co-GMA-fsi, ST-co-GMA-fsi-clay (1.30E) nanocomposites in Figure  6 . 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposite showed the highest tensile modulus compared to STco-GMA, ST-co-GMA-fsi, 1wt%, 3wt% and 4wt% of STco-GMA-fsi-clay (1.30E) nanocomposites. The clay particles at low loading (1wt% and 2wt%) were easily dispersed within ST-co-GMA-fsi due to the small size of the particles and therefore, the tensile modulus of the nanocomposites increased [37] . However, the increase in quantity of clay reduced the tensile modulus. This was due to the heterogeneous distribution of the clay with ST-co-GMA that led to the agglomeration of clay particles within the nanocomposites. Once the filler loading increased, it tended to agglomerate and formed phase segregation of the nanocomposite. Once the phase segregation became higher, the particle-particle contact was reduced and this led to lower poor interfacial bonding. Therefore, the nanocomposite could not withstand higher force and thus, the tensile modulus was decreased [38] .
It was concluded that 2wt% of clay (1.30E) provided the best tensile strength and tensile modulus improvement into ST-co-GMA-fsi nanocomposite. This confirmed that clay (1.30E) at low loading provided better interfacial bonding and compatibility toward the ST-co-GMA-fsi. 
Thermogravimetric Analysis (TGA)
The thermal stability of ST-co-GMA, ST-co-GMA-fsi and ST-co-GMA-fsi-clay (1.30E) nanocomposites were shown in Figure 7 . The thermal stability of ST-co-GMAfsi-clay (1.30E) nanocomposites were significantly higher compared to ST-co-GMA and ST-co-GMA-fsi nanocomposites.
The nanocomposites were thermally degraded in two stages. The first step of the thermal decomposition is occurred at about 310 to 380 due to the broken bond of organo clay cations that accessible to oxygen [39] . This occurred at the end chain of the ST-co-GMA followed by random chain scissions [40] . Based on the TGA thermograph, the weight loss was 3.8%, 3.0%, 2.5%, 2.3%, 2.7% and 2.9% for ST-co-GMA, ST-co-GMA-fsi and various weight percentage of clay loaded ST-co-GMA-fsi-clay (1.30E) nanocomposites respectively. The second thermal degradation occurred as the cations adsorbed in the interlayer were oxidised in the range of 480 to 700 [39] . The weight loss of ST-co-GMA, ST-co-GMAfsi and various weight percentage of clay loaded STco-GMA-fsi-clay (1.30E) was 96.1%, 94.7%, 86.1%, 84.8%, 87.7% and 92.3%. From the two thermal degradation, it showed that ST-co-GMA-fsi-clay (1.30E) nanocomposites started the thermal degradation at a higher temperature relative to STco-GMA-fsi nanocomposite and ST-co-GMA. This was due to the the degradation temperature of silica at 360 that led to fast thermal degradation on ST-co-GMA-fsi nanocomposite. For ST-co-GMA, the thermal degradation started at lower temperature among all the nanocomposites as it had weak covalent bonds between styrene and glycidyl methacrylate [41] . Therefore, the incorporation of clay (1.30E) improved the interfacial bonding and thus improved the thermal stability of the nanocomposite, as proven by SEM result.
The activation energy of ST-co-GMA, ST-co-GMAfsi and ST-co-GMA-fsi-clay (1.30E) nanocomposites were calculated using Arrhenius equation [42] . The activation energy of ST-co-GMA-fsi-clay (1.30E) nanocomposites were significantly higher than that of ST-co-GMA and ST-co-GMA-fsi nanocomposite in Table  3 . This showed that clay loaded nanocomposites had greater thermal stability. Overall, 2wt% of clay (1.30E) was compatible to be incorporated into ST-co-GMA-fsi nanocomposite to enhance the thermal properties. 
Moisture Absorption Analysis
The moisture absorption of ST-co-GMA, ST-co-GMA-fsi and ST-co-GMA-fsi-clay (1.30E) nanocomposites were clearly shown in Figure 8 . ST-co-GMA showed a sharp increment of moisture absorption at the first 10 minutes and it remained constant after 50 minutes. ST-co-GMA-fsi and various clay loading of ST-co-GMA-fsi-clay (1.30E) nanocomposites showed the same moisture absorption pattern with a gradual increment up to 60 minutes.
ST-co-GMA showed the highest moisture absorption due to the less entanglement of molecules on both side of the interface thus, weak interfacial bonding were formed between styrene and glycidyl methacrylate. Silica had improved the adhesion with ST-co-GMA that decreased the moisture absorption ability by reducing the water diffusion pathway [41] . Stronger adhesion within the nanocomposites created strong interfacial bonding that improved the particle-particle interaction. This interaction reduced the pores within the nanocomposites and thus, more water was resist to be diffused into the nanocomposite. Incorporation of clay generated better tortuous pathway and increased the barrier property for water diffusion within the nanocomposites compared to incorporation of silica. Clay (1.30E) acted as barriers to the hindrance of the moisture into the ST-co-GMA-fsi [43] . 1wt% and 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposites showed lower moisture absorption (<0.5%) among all the nanocomposites. This was due to the nano sized clay particle penetrated into the ST-co-GMA-fsi with strong interfacial bonding that reduced the ability of water absorption through the nanocomposite structure [44] . Higher clay loadings (3wt% and 4wt%) created lots of tiny in-between spaces due to excessive clays within the nanocomposites which created abundant surface area that allowed water molecules to enter the nanocomposites [45] .
Throughout this study, 2wt% of ST-co-GMA-fsi-clay nanocomposites had significantly reduced the diffusion of moisture into the nanocomposites and enhanced the compatibility between clay (1.30E) and ST-co-GMA-fsi. 
CONCLUSION
From the present study, the followings can be concluded:
(a) ST-co-GMA-fsi-clay (1.30E) nanocomposites were prepared via free radical polymerization.
(b) ST-co-GMA-fsi bonding and fsi-clay bonding were confirmed by Si-O-C and Si-O-Si peaks in FT-IR spectroscopy. (c) From the surface morphology, it was found that the dispersion of 2wt% of clay (1.30E) significantly enhanced the compatibility of the nanocomposites. (d) From the surface analysis, it proved that the 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposite had higher surface area and pore volume with less pore size compared to ST-co-GMA and other nanocomposites. (e) The tensile strength and modulus of 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposite was the highest which confirmed the best compatibility of clay (1.30E) into ST-co-GMAfsi nanocomposite. (f) 2wt% of clay (1.30E) improved the thermal stability significantly due to the strong interfacial bonding within the nanocomposite. (g) The strong interfacial bonding formed in 2wt% of ST-co-GMA-fsi-clay (1.30E) nanocomposite led to higher water resistance. It was concluded that 2wt% of STco-GMA-fsi-clay (1.30E) nanocomposite enhanced the physical, morphological and mechanical properties as well as thermal stability.
